Laboratory diagnosis of porcine reproductive and respiratory syndrome (PRRS), a newly identified and economically important viral disease of swine, is based on the combination of serology, histopathology, and virus isolation. The isolation and identification of PRRS virus (PRRSV) is complex and labor intensive and may require many days or weeks to perform. The histological diagnosis of infection by PRRSV is limited since other viral pathogens may induce similar lesions. Furthermore, secondary bacterial infection commonly associated with PRRSV infection can complicate the interpretation of lesions. Detection of viral antigens in frozen lung sections using immunofluorescence (IF) has been reported, 1,11 but the IF procedure has shortcomings. The use of immunohistochemical methods for the detection of viral antigens in formalin-fixed paraffin-embedded tissues offers several advantages over the IF technique. These procedures allow direct visualization of viral antigens along with simultaneous evaluation of histological lesions in the affected tissue using an ordinary light microscope. The ability to detect viral antigens in routinely fixed tissues facilitates convenient collection and transport of specimens, and potentially infectious specimens can be handled safely. Finally, since antigens are usually stable indefinitely in paraffin-embedded tissues, retrospective diagnoses can be made.
The immunogold silver staining (IGSS) is an indirect 2-step nonenzyme-based method in which the secondary antibody labeled with colloidal gold particles is visualized following a silver precipitation reaction . 4 This simple method is very sensitive and has the following advantages over current immunoenzymatic methods: there is no interference of endogenous tissue enzymes and the reagents used are not considered a health hazard. Recently, we developed and successfully applied the IGSS to the detection of viral animal pathogens in formalin-fixed paraffin-embedded tissues. 5, 7 The IGSS was the first immunohistochemical method reported for the detection of PRRSV antigens in formalin-fixed paraffin-embedded tissues 8 and the usefulness and applicability of this method for the diagnosis of PRRSV was demonstrated in a retrospective study of field cases. 6 More recently, an immunoperoxidase procedure was applied to lung tissue sections from pigs experimentally infect with PRRSV. 3 In the present study, the performance of the IGSS procedure was compared with those of 2 commercially available Received for publication December 15, 1994. immunoperoxidase staining systems for the detection of PRRSV antigens in formalin-fixed lung tissues. Known positive formalin-fixed paraffin-embedded lung tissues from 2 piglets experimentally infected with PRRSV 9 and from 2 field cases 6 were used in the study. Serial 5-µm sections were mounted on poly-L-lysine-coated glass slides and identified sequentially for each procedure to account for antigen distribution variability across the tissue block.
The secondary antibody used in IGSS was a goat antimouse IgG conjugated to 4 nm gold. a The bound secondary antibody was visualized using a silver enhancement kit. b The commercially available immunoperoxidase staining systems used in the present study were an avidin-biotin-peroxidase complex (ABC) kit (mouse IgG) c and a streptavidin-peroxidase (SP) kit (broad spectrum). d Both the ABC and the SP immunoperoxidase systems are 3-step procedures employing a biotinylated secondary antibody in the second step of the procedure. In the third step, the ABC kit uses an avidinbiotinylated horseradish peroxidase complex while the SP kit uses a horseradish peroxidase-streptavidin conjugate. In both systems the presence of enzyme is revealed by addition of a substrate-chromogen mixture. A peroxidase substrate kit using 3,3'-diaminobenzidine (DAB substrate kit) e was used and had to be purchased separately to perform the ABC procedure while 3-amino-9-ethylcarbazole (AEC) was included with the SP kit. In the ABC procedure, an avidin/ biotin blocking kit e was also purchased to block nonspecific binding of avidin to tissues.
The 3 procedures were compared for sensitivity by titrating a PRRSV monoclonal antibody (MAb) SDOW17 f diluted from 1:100 to 1:32,000. This MAb reacts with an epitope on the 15-kDa nucleocapsid protein of US and European PRRSV isolates. 10 The 3 procedures were performed within 1 day in about the same period of time (Table 1 ). The IGSS procedure was performed as previously described. 6, 8 Briefly, after removal of paraffin and rehydration, sections were digested by immersion in 0.1% protease XIV g for 10 minutes at 37 C, washed in Tris-buffered saline (TBS) (pH 7.4), and blocked with 10% normal goat serum (NGS), diluted in TBS (pH 7.4), for 20 minutes at room temperature (RT). The sections were then incubated with the MAb, appropriately diluted in TBS (pH 7.4), for 60 minutes at RT. After washings in TBS, sections were again blocked with 10% NGS diluted in TBS (pH 8.2) and incubated with the gold conjugate diluted 1:40 in TBS (pH 8.2) for 60 minutes at RT. After washings in buffer and water, silver enhancement was performed following manufacturer's instructions and monitored under the microscope. Finally, the sections were washed in water, counterstained with hematoxylin, dehydrated, and mounted. * IGSS = immunogold silver staining procedure; SP = streptavidin-peroxidase procedure; ABC = avidin-biotin-peroxidase complex procedure.
† PRRSV = porcine reproductive and respiratory syndrome virus. ‡NA = not applicable.
The staining procedures for each commercial system were performed as recommended by the manufacturer. To obviate the effect of the varying incubation periods of reagents on the intensity of staining, the incubation periods for the main steps (primary antibody, secondary antibody, enzyme conjugate) were standardized between the procedures (incubation of secondary antibody and enzyme conjugate lengthened with respect to recommended duration for the SP kit) and remained constant. The various steps of the 3 procedures are listed in parallel after the sections were deparaffinized and rehydrated (Table 1) . All incubations were carried out at RT except the enzymatic digestion which was done at 37 C using 0.1% protease XIV. Blocking of endogenous peroxidase was done in 3% hydrogen peroxide with both commercial systems. With ABC, avidinbiotin blocking reagents were used as suggested by the manufacturer, incorporating avidin in the blocking serum and biotin in the dilution buffer of the primary antibody. To decrease background staining observed when using the ABC system, 5% skim milk was added in the blocking serum and in the dilution buffer of the secondary antibody. Controls included incubating the sections with the buffer only and with an irrelevant MAb in substitution for the PRRSV MAb.
The sensitivity of each procedure was assessed according to the intensity of staining at each MAb dilution and to the endpoint dilution. Microscopic evaluation of the staining was carried out by 3 observers who were unaware of the procedures. Two microscopic fields were identified in the tissue sections and these same fields were compared and examined, using a 10 x objective, in successive sections for each of the 3 procedures. The intensity of staining was evaluated in the 2 fields for each section and was scored 0 (no staining), 1 (weak staining), 2 (moderate staining), or 3 (strong staining). Total scores were calculated at each dilution for each pro-cedure by adding individual scores given by the 3 observers for the 2 microscopic fields and the 4 tissue blocks (total of 24 scores at each dilution for each procedure).
The evaluation of the IGSS and the ABC procedures resulted in similar scores at each dilution of the MAb, one or the other procedure having a slightly higher score (Fig. 1) . The evaluation of the SP procedure resulted in a lower score at each dilution. The IGSS and the ABC revealed positive staining at a dilution of 1:8,000 while the endpoint dilution of the SP was 1:4,000. At a dilution of 1:16,000, only a few stained cells could be seen in only 1 tissue block with the ABC, suggesting that this system could have a slightly higher detection efficiency than IGSS. However, the ABC procedure generally yielded more background, and nonspecific staining of a few cells in interstitial tissue was observed on control sections, suggesting that the stained cells seen at higher dilutions of the MAb could be misinterpreted. Typical labeling of PRRSV-infected lung macrophages following IGSS can be seen in Fig. 2 .
The approximate cost per slide of each procedure was evaluated on the basis of 100 µl of reagents per slide ( Table 2 ). The SP system is the most expensive but all the reagents are included. In this kit all the reagents are prediluted with the exception of the substrate-chromogen mixture. This kit is designed to react with mouse, rabbit, guinea pig, and rat primary antibodies. For the ABC procedure, the DAB peroxidase substrate reagents were purchased separately, as were avidin/biotin blocking solutions. This ABC system is much less expensive than the SP, but all the reagents have to be diluted in a buffer to obtain the working solutions. The cost of endogenous enzyme inactivation has to be added to the cost of both enzyme-based systems. In our laboratory, the slides were immersed in a ready-to-use 3% solution. The calculated cost of endogenous enzyme inactivation could vary depending on the concentration of hydrogen peroxide purchased and the number of slides used in the batch. Reagents purchased to perform the IGSS consisted of the blocking serum, the gold conjugate, and the silver enhancement kit, and the total cost of these reagents was less than that of the ABC including the cost of hydrogen peroxide. In the present study, similar sensitivies were obtained for IGSS and ABC. However, the background staining was lower with IGSS and nonspecific staining on control sections was not observed. The nonspecific staining of cells located in interstitial tissue observed on control sections with the ABC could be due to endogenous peroxidase present in cells, such as granulocytes that was not completely inactivated. Since such nonspecific reaction was not observed with the SP kit, other reasons may be considered. The nonspecific staining of a few cells seen in controls could also be due to binding of avidin to heparin granules present in the mast cells. Ad- ditional blocking using a commercially available blocking kit in the ABC procedure did not completely eliminate this nonspecific reaction. The nonspecificity observed in the ABC represents a disadvantage for the diagnosis of PRRSV, considering that PRRSV-infected cells such as macrophages can be localized in the vicinity of granulocytes and mast cells, and a positive signal seen in these cells could be falsely interpreted as PRRSV infection.
The SP system did not reveal such a nonspecificity; this kit employs streptavidin instead of avidin for the enzyme conjugate. However, the SP system was less sensitive than IGSS and ABC. Nevertheless, the substrate-chromogen mixture used in the SP procedure was different than that used in ABC, which could account for some difference in sensitivity observed between these 2 techniques. Recently, a streptavidin-biotin immunoperoxidase procedure, using reagents similar to those of the SP kit, was applied to fixed lung tissue sections of pigs experimentally infected with PRRSV. 3 In that study, the primary antibody (MAb SDOW17), diluted 1:1,000, was incubated for 16 hours, extending the length of the procedure to 2 days. In the previously reported immunohistochemical study using IGSS for the detection of PRRSV, 8 the same primary antibody was incubated for 90 minutes only, allowing the performance of IGSS within 1 day. In the present study, the score obtained by the IGSS procedure at an MAb dilution of 1:1,000 was higher than the one obtained by the procedure using the streptavidin-peroxidase conjugate at the 1:1,000 or at the 1500 MAb dilution. These observations suggest that, for the detection of PRRSV, IGSS is more sensitive than a streptavidin-peroxidase-based procedure. A recent comparison of IGSS with other immunohistochemical methods also reported that the strongest reaction without background staining was obtained with IGSS for staining of hepatocytes infected with hepatitis C virus. 2 In the present comparison of immunohistochemical procedures for the detection of PRRSV in fixed tissues, the overall performance obtained with IGSS was superior to both commercially available immunoperoxidase staining systems. The IGSS is rapid (results available the same day) and simple, consisting of 1 less step than the enzyme-based methods tested. The IGSS is as sensitive as enzyme-based procedures such as ABC, without many of the drawbacks inherent in these techniques, such as nonspecific binding of avidin and the need for inactivation of endogenous enzyme. Furthermore, while the enzyme-based systems utilize potentially carcinogenic chemicals (e.g., DAB), we know of no health hazards associated with the reagents used in the IGSS procedure. Finally, the IGSS is also advantageous regarding the cost. In conclusion, IGSS could represent an advantageous method for the detection and routine diagnosis of PRRSV in formalin-fixed paraffin-embedded tissues. The IGSS could also be used as a tool for research on the pathogenesis of PRRS in swine.
